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(54) Dielectric filter and dielectric duplexer 

(57) The invention provides a dielectric filter (1), 
comprising: a dielectric block (2) having substantially 
rectangular shape, said dielectric block (2) including a 
first and a second surfaces (2a. 2b) opposed to each 
other and a third and a fourth surfaces opposed to each 
other and extending between said first and second sur- 
faces (2a, 2b); a plurality of through holes (3) extending 
between said first and second surfaces (2a, 2b); an 
inner conductor (4) provided on an inner surface of said 
through holes (3) except for a non-conductrve portion 
(4a), said navconductive portion (4a) being disposed 
on said inner surface of said through holes (3) in the 
vicinity of said first surface (2a) of said dielectric block 
(2); an outer conductor (5) provided on said third and 
fourth surfaces of said dielectric block (2); and a line 
conductor (7) provided on said first surface (2a) of said 
dielectric block (2), a part (5a) of said outer conductor 
(5) provided on said third surface of said dielectric block 
(2) and a part (5b) of said outer conductor (5) provided 
on said fourth surface of said dielectric block (2) being 
connected to each other via said line conductor (7); 
thereby a plurality of resonators (15a, 15b, 16a. 16b) 
comprising a combination of a TEM mode resonator 
and a TE mode resonator, or a combination of a TEM 
mode resonator or a TM mode resonator being pro- 
vided. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention s 

[0001 1 The present invention relates to a dielectric fil- 
ter and a dielectric duplexer, more specifically, a dielec- 
tric filter and a dielectric duplexer for the dual band to be 
used in a communication devices etc., for the micro- 10 
wave band and the millimeter wave band. 

2. Description of the Related Art 

[0002] In a construction of a high frequency circuit part is 
for the dual band to be used for a communication device 
for the microwave band or the millimeter wave band, 
such a circuit part has been constituted by combining 
two band passfilters 101,121 shown in FIGs. 10 and 11. 
The band pass fitter 101 shown in F1GL 10 is provided 20 
with three resonators utilizing a TEM mode. 
[0003] In FIG. 10, the high frequency circuit part com- 
prises a dielectric block 102. through holes 103 in which 
an inner conductor is provided on an inner wall surface, 
electrode patterns 1 04 for regulating the respective res- 25 
onance frequency of TEM mode resonators and the 
electromagnetic coupling therewith, an outer conductor 
105 provided on an outer surface of the dielectric block 
102 except for an open end surface 102a, and input/out- 
put electrodes 106 for TEM mode. 30 
[0004] The band pass filter 121 shown in FIG. 1 1 is 
provided with three resonators utilizing a TE mode. In 
FIG. 1 1 , the band pass fitter is provided with a dielectric 
block 122, a line conductor 123 for TE mode coupling, 
outer conductors 124a, 124b which are provided on 35 
upper and lower surfaces of the dielectric block 122 and 
electrically connected to each other via the line conduc- 
tor 123, and input/output electrodes 125 for TE mode. 
[0005] Apart from the above described structure, 
there are some cases where the high frequency circuit 40 
part for the dual band comprises the band pass fitter of 
oneHrput/two-output type making use of a duplexer. 
[0006] However, in either case, there is a problem that 
a space to be occupied by two band pass fitters is 
required when the above described filter are mounted 45 
on a printed circuit board, etc. 
[0007] To solve this problem, a composite parts mini- 
aturized by integrating the TEM mode band pass fitter 
101 and the TE mode band pass filter 121 which are 
illustrated in FIGs. 10 and 11 respectively, can be so 
designed. However, only by integrating the TEM mode 
band pass fitter 101 and the TE mode band pass fitter 
121 . the line conductor 1 23 for the TE mode coupling is 
required to be obtained between the electrode patterns 
104 formed on the open end surface 102a of the TEM 55 
mode band pass fitter 101, and the electromagnetic 
coupling of the TEM mode resonators with each other is 
affected by the line conductor 123. Thus, it is difficult to 



independently design the TEM mode band pass filter 
and the TE mode band pass fitter. In addition, the elec- 
trode patterns 104 are provided on the open end sur- 
face 1 02a, and the forming position of the line conductor 
123 is limited to the prescribed part of the open end sur- 
face 102a, raising a new problem that the resonance 
frequency of the TE mode resonator and the setting of 
the number of the resonators are restricted. 

SUMMARY OF THE INVENTION 

[0008] Preferred embodiments of the present inven- 
tion are provided to overcome the above described 
problems, and provide a compact dielectric fitter and a 
compact dielectric duplexer for the dual band with which 
a built-in resonator of each mode can be independently 
designed. 

[0009] The preferred embodiment of the present 
invention provides a dielectric tflter, comprising: a die- 
lectric block having substantially rectangular shape, 
said dielectric block including a first and a second sur- 
faces opposed to each other and a third and a fourth 
surfaces opposed to each other and extending between 
said first and second surfaces; a plurality of through 
holes extending between said first and second surfaces; 
an inner conductor provided on an inner surface of said 
through holes except for a non-conductive portion, said 
non-conductive portion being disposed on said inner 
surface of said through holes in the vicinity of said first 
surface of said dielectric block; an outer conductor pro- 
vided on said third and fourth surfaces of said dielectric 
block; and a line conductor provided on said first surface 
of said dielectric block, a part of said outer conductor 
provided on said third surface of said dielectric block 
and a part of said outer conductor provided on said 
fourth surface of said dielectric block being connected 
to each other via said line conductor; thereby a plurality 
of resonators comprising a combination of a TEM mode 
resonator and a TE mode resonator, or a combination of 
a TEM mode resonator or a TM mode resonator being 
provided. 

[001 0] In the above described dielectric f Bter, instead 
of the line conductor, at least one of a coupling means 
and a coupling groove may be provided. Said coupling 
means extends between said third and fourth surfaces 
of said dielectric block, and a part of said outer conduc- 
tor provided on said third surface of said dielectric block 
and a part of said outer conductor provided on said 
fourth surface of said dielectric block are connected to 
each other via said coupling means. Said coupling 
groove is disposed on said first and second surfaces of 
said dielectric block and extends between said third and 
fourth surfaces of said dielectric block; thereby a plural- 
ity of resonators comprising a combination of a TEM 
mode resonator and a TE mode resonator, or a combi- 
nation of a TEM mode resonator or a TM mode resona- 
tor being provided. 

[0011] The above described coupling means may 
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comprises a through hole for coupling extending 
between said third and fourth surfaces of said dielectric 
block and an inner conductor provided on an inner sur- 
face of the through hole. A part of said outer conductor 
provided on said fourth surface of said dielectric block 5 
are connected to each other via said inner conductor. 
[0012] In the above described dielectric filter, said 
non -conductive portion may be also disposed on said 
inner surface of said through holes in the vicinity of said 
second surface of said dielectric block. io 
[001 3] The above described dielectric filter may fur- 
ther include a fifth and a sixth surfaces opposed to each 
other and extending between said first and second sur- 
faces; and input/output external electrodes may be pro- 
vided on said fifth and sixth surfaces of said dielectric is 
block 

[001 4] The above described structure of the dielectric 
filter may be applied to a dielectric duplexer as well. 
[001 5] According to the above structure, a plurality of 
through holes and their inner conductors, together wrtfi so 
the outer conductors and the dielectric block, constitute 
a plurality of TEM mode resonators. On the other hand, 
the line conductor, the coupling means such as the 
through hole for coupling, and the groove function as 
the coupling susceptance, while the outer conductors 2s 
and the dielectric block constitute a plurality of TE mode 
resonators or TEM mode resonators divided by the line 
conductor, the coupling means and the groove. 
[001 6] Further, the inner conductors provided on the 
inner wall surface of the through holes are also provided so 
with the non-conductive portion in the vicinity of the sec- 
ond surface of the dielectric block, and the TEM mode 
resonator becomes the resonator of 1/2 wavelength. 
[0017] Because the non-conductive portion to regu- 
late the respective resonance frequencies of the TEM 35 
mode dielectric resonators and the electromagnetic 
coupling therewith is provided in the through holes, an 
electromagnetical affection by the line conductors, cou- 
pling means and the groove is suppressed. As a result 
a conpart dielectric f Iter or dielectric duplexer for dual 40 
band capable of independently designing a built-in res- 
onator of each mode, can be obtained. 
[001 8] Other features and advantages of the present 
invention will become apparent from the following 
description of preferred embodiments of the invention 45 
which refers to the accompanying drawings, wherein 
like reference numerals indicate like elements to avoid 
duplicative description. 

BRIEF DESCRIPTION OF DRAWINGS so 
[0019] 

FIG. 1 is a perspective view illustrating a first pre- 
ferred embodiment of a dielectric filter of the 55 
present invention. 

FIG. 2 is an electric equivalent circuit of the dielec- 
tric filter illustrated in FIG. 1. 



FIG. 3 is a graph to indicate the attenuation charac- 
teristic of the dielectric filter illustrated in FIG. 1 . 
FIG. 4 is a perspective view illustrating a second 
preferred embodiment of the dielectric filter of the 
present invention. 

FIG. 5 is an electric equivalent circuit of the dielec- 
tric filter illustrated in FIG. 4. 
FIG. 6 is a perspective view illustrating a third pre- 
ferred embodiment of the dielectric filter of the 
present invention. 

FIG. 7 is an electric equivalent circuit of the dielec- 
tric filter illustrated in FIG. 6. 
FIG. 8 is a perspective view illustrating an preferred 
embodiment of a dielectric duplexer of the present 
invention. 

FIG. 9 is an electric equivalent circuit of the dielec- 
tric duplexer illustrated in FIG. 8. 
FIG. 10 is a perspective view illustrating a dielectric 
titer of the conventional TEM mode. 
FIG. 1 1 is a perspective view illustrating a dielectric 
filter of the conventional TE mode. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[First Preferred Embodiment. FIG. 1 through FIG. 31 

[0020] As illustrated in FIG. 1, a dielectric filter 1 is 
provided with a rectangular parallelepiped (fielectric 
block 2 made of the dielectric material. A plurality of 
through holes 3 (two holes in the first embodiment) 
extending between a first surface 2a and a second sur- 
face 2b which is opposed to the first surface 2a of the 
dielectric block 2. Inner conductor 4 are provided 
respectively on inner wall surfaces of the through holes 
3, and the inner conductors 4 are provided with non- 
conductive portions 4a in the vicinity of the first surface 
2a 

[0021] Outer conductors 5 are provided on an outer 
wail surface of the dielectric block 2 except for the first 
surface 2a. That is, the outer conductors 5 are electri- 
cally opened (disconnected) from the inner conductors 
4 on the first surface 2a (hereinafter, referred to as The 
open end surface 2a") of the dielectric block 2, and elec- 
trically short-circuited (conducted) to the inner conduc- 
tors 4 on the second surface 2b (hereinafter, referred to 
as The short-circuited end surface 2b"). 
[0022] Further, a line conductor 7 leading from the first 
surface 2a of the dielectric block 2 to the second surface 
2b is provided on the open end surface 2a between the 
through holes 3. The line conductor 7 electrically con- 
nects an outer conductor portion 5a provided on the 
upper surface (third surface) of the dielectric block 2 to 
an outer conductor portion 5b provided on the lower sur- 
face (fourth surface) thereof on the open end surface 
2a. ATE mode input electrode 11a, a TEM mode input 
electrode 12a, a TE mode output electrode 1 1b, and a 
TEM mode output electrode 12b are formed respec- 
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tively on right and left side surfaces ( fifth and sixth sur- 
faces) of the dielectric block 2 with a gap between them 
and the outer conductors 5. 

[0023] Two through holes 3 and their inner conductors 
4, together with the outer conductors 5 and the dielec- 
tric block 2. constitute two TEM mode dielectric resona- 
tors 16a, 16b of 1/4 wavelength with the open end 
surface 2a and the snort-circuited end surface 2b of the 
dielectric block 2 as the open surface and the short- 
circuited surface. The TEM mode dielectric resonators 
16a. 16b are electromagnetically coupled with each 
other to form a two-stage band pass ffter of the TEM 
mode 

[0024] The line conductor 7 provided on the open end 
surface 2a of the dielectric block 2 works as the coupling 
susceptance Thus, the outer conductors 5 and the die- 
lectric block 2 constitute two TE mode dielectric resona- 
tors 15a, 15b (preferably of the mode of low order such 
as TE 10 i .TE 102 ) divided by the line conductor 7. The TE 
mode dielectric resonators 15a. 15b are electromagnet- 
ically coupled with each other through the line conduc- 
tor 7 to form a two-stage band pass fitter of the TE 
mode. That is, the line conductor 7 not only electromag- 
netically couple the dielectric resonators 1 5a. 1 5b of the 
TE mode, but also functions as an electromagnetic 
boundary part with the large reflection coefficient of the 
resonators 15a. 15b. 

[0025] FK2L 2 is an electric equivalent circuit of the die- 
lectric filter 1 . The dielectric fitter 1 is a dual band dielec- 
tric filter of two-input and two-output in which the TEM 
mode band pass fitter and the TE mode band pass filter 
are built in. That is. as illustrated in FIG. 3, the dielectric 
fitter 1 has two pass bands, and for example, the pass 
band A is the pass band by the TEM mode band pass 
fitter while the pass band B is the pass band by the TE 
mode band pass fitter. 

[0026] In the dielectric fitter 1 of the above-mentioned 
construction, the inner conductor 4 provided in each 
through hole 3 is provided with the non-conductive por- 
tion 4a, and the respective resonance frequencies of 
the TEM mode dielectric resonators 16a. 16b and the 
electromagnetic coupling therewith can be regulated by 
appropriately setting the dimensions and the arrange- 
ment positions of the non-conductive portion 4a. Thus, 
the band pass width and the center frequency of the 
TEM mode band pass fitter can be changed. 
[0027] On the other hand, the electromagnetic cou- 
pling between the TE mode dielectric resonators 
15a, 15b can be regulated by appropriately setting the 
number and dimensions of the line conductor 7 pro- 
vided on the open end surface 2a of the dielectric block 
2 or the arrangement position, etc., on the open end 
surface 2a. Thus, the band pass width and the center 
frequency of the TE mode band pass filter can be 
changed. 

[0028] Thus, in the dielectric fitter 1, an electromag- 
netically affection by the line conductor 7 formed on the 
open end surface 2a is suppressed, because the non- 



conductive portion 4a to regulate the respective reso- 
nance frequencies of the TEM mode dielectric resona- 
tors 16 a. 16b and the electromagnetic coupling 
therewith is provided in the through hole 3. Further, no 

5 electrode pattern is formed on the open end surface 2a 
of the dielectric block 2 except the line conductor 7, and 
the limit on the position for forming the fine conductor 7 
is not strict, and the degree of freedom in setting the 
resonance frequencies of the TE mode dielectric reso- 

w nators 1 5a, 1 5b is high. As a result, a compact dielectric 
fflter 1 capable of independently designing the TEM 
mode band pass fflter and the TE mode band pass fitter 
can be obtained. 

15 [Second Preferred Embodiment, FIG. 4 and FIG. 5] 

[0029] As illustrated in FIG. 4. in a dielectric filter 21 , 
three through holes 3 extending between an open end 
surface (a first surface) 2a and a short-circuited end sur- 

20 face (a second surface) 2b are formed in the dielectric 
block 2. The inner conductors 4 are formed on the inner 
wall surface of the through hole 3, and the inner conduc- 
tors 4 are provided with the non-conductive portion 4a 
on the open end surface 2a. The outer conductors 25 

25 are formed on the outer wall surface of the dielectric 
block 2 except the open end surface 2a and right and 
left side surfaces 2c, 2d. 

[0030] The line conductor 7 leading from the first sur- 
face 2a of the dielectric block 2 to the second surface 2b 

30 is provided on the open end surface 2a and overlaps the 
through hole 3 located at the center. The line conductor 
7 electrically connects an outer conductor part 25a pro- 
vided on the upper surface (third surface) of the dielec- 
tric block 2 to an outer conductor portion 25b provided 

35 on the tower surface (fourth surface) on the open end 
surface 2a. An input electrode 27 common to the TE 
mode and the TEM mode, a TE mode output electrode 
28. and a TEM mode output electrode 29 are provided 
on the right and left side surfaces (fifth and sixth sur- 

40 faces) 2c,2d of the dielectric block 2 with a gap to an 
outer conductor 25. 

[0031 ] Three through holes 3 and their inner conduc- 
tors 4 constitute three TEM mode dielectric resonators 
16a, 16b. 16c of 1/4 wavelength together with the outer 
45 conductors 25 and the dielectric block 2. The TEM 
mode dielectric resonators 16a-16c are electromagnet- 
ically coupled with each other to form the three-stage 
band pass filter of TEM mode. The outer conductors 5 
and the dielectric block 2 constitute two TE mode die- 
so lectric resonators 15a,1 5b divided by the line conductor 
7. 

[0032] Fia 5 is an electric equivalent circuit of the die- 
lectric fitter 21 . The dielectric fitter 21 is a dielectric fitter 
for the dual band of one-irtput/two-output type in which 
55 the TEM mode band pass fitter, and the TE mode band 
pass fitter are built in. 

[0033] The dielectric filter 21 for the dual band of two- 
input/two-output type of the above-mentioned construc- 
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tion functions the similar effect to that of the dielectric fil- 
ter 1 in the first preferred embodiment, and functions an 
electromagnetic wall of large reflection coefficient 
because no outer conductors are formed on the right 
and left side surfaces 2c,2d of the dielectric block 2. 5 
Thus, the TE mode dielectric resonators 15a, 15b can 
be miniaturized, and the size of the dielectric block 2 
can be reduced. Further, even when the line conductor 
7 is overlapped on the through holes 3 to be formed into 
the open end surface 2a. the inner conductors 4 are w 
provided with the non-conductive portion 4a in the vicin- 
ity of the open end surface 2a, and there is no concern 
that the open surface of the TEM mode dielectric reso- 
nator 16b is short-circuited by the line conductor 7. 
Thus, the position for forming the line conductor 7 is not 1S 
limited on the open end surface 2a, and the degree of 
freedom of setting the resonance frequency of the TE 
mode dielectric resonators 15a. 15b is high. 

[Third Preferred Embodiment. FIG. 6 and FIG. 7] 20 

[0034] As illustrated in FIG. 6. a dielectric filter 31 is 
provided with an approximately rectangular parallelepi- 
ped dielectric block 32. Two through holes 3 extending 
between an open end surface 32a to an open end sur- 2s 
face 32b are provided respectively on right and left side 
surface of the dielectric block 32. The inner conductors 
4 are provided respectively on the inner wall surface of 
the through holes 3, and the inner conductors 4 are pro- 
vided with the non-conductive portions 4a, 4b in the so 
vicinity of the open end surface 32a and in the vicinity of 
the open end surface 32b. 

[0035] Grooves 37a,37b for coupling are provided 
opposite to each other in center portions of the open 
end surfaces 32a, 32b of the dielectric block 32. The 35 
grooves 37a. 37b for coupling are extended from the 
upper surface to the lower surface of the dielectric block 
32. In addition, a hole 38 for coupling as a coupling 
means is provided in the center parts of the dielectric 
block 32. La, between the grooves 37a, 37b for cou- 40 
pJing. The inner conductor is provided on the inner wall 
surface of the hole 38 for coupling. 
[0036] Outer conductors 35 are provided on substan- 
tially the entire outer wall surface of the dielectric block 
32. The outer conductors 35 are provided on the wall 45 
surfaces of the grooves 37a. 37b for coupling, and the 
inner conductors of the hole 38 for coupling are con- 
ducted to the outer conductors 35 at each end. An input 
electrode 39 common to the TE mode and the TEM 
mode, a TE mode output electrode 40, and a TEM so 
mode output electrode 41 are formed with a gap from 
the outer conductors 35. 

[0037] Two through holes 3 and their inner conductors 
4 constitute two TEM mode dielectric resonators 
16a.16b of 1/2 wavelength with the open end surface 55 
32a and the open end surface 32b of the dielectric block 
32 being open together with the outer conductors 35 
and the dielectric block 32. The TEM mode dielectric 



resonators 16a,1 6b are electromagnetically coupled 
with each other to constitute the two-stage band pass 
filter of TEM mode. 

[0038] Grooves 37a. 37b for coupling provided on the 
dielectric block 32, and through boles 38 on which inner 
conductors are provided, are operated as the coupling 
susceptance. Thus, the outer conductors 35 and the 
dielectric block 32 constitute two TE mode dielectric 
resonators 1 5a, 1 5b divided by the grooves 37a,37b tor 
coupling and the through holes 38. The TE mode dielec- 
tric resonators 15a, 15b are electromagnetically cou- 
pled with each other through a part narrowed by the 
grooves 37a. 37b for coupling of the dielectric block 32 
and the hole 38 for coupling to form a two-stage band 
pass filter of TE mode. That is, the grooves 37a, 37b for 
coupling and the hole 38 for coupling not only electro- 
magnetically couple the TE mode dielectric resonators 
15a, 15b, but also function as electromagnetic boundary 
parts of large reflection coefficient of the resonators 
15a, 15b. Both the grooves 37a, 37b for coupling and the 
through hole 38 are not necessarily provided, and simi- 
lar effect can be obtained with a device provided with 
either of the grooves 37a 37b for coupling or the 
through hole 38. 

[0039] FIG. 7 is an electric equivalent circuit of the die- 
lectric fitter 31 . The dielectric filter 31 is a dual band die- 
lectric filter of one-input/two-output type in which the 
TEM mode band pass filter and the TE mode band pass 
filter are buirt. 

[0040] In the dielectric filter 31 of the above-men- 
tioned construction, the inner conductors 4 provided on 
the respective through holes 3 are provided with non- 
conductive portions 4a. 4b. and the respective reso- 
nance frequencies of the TEM mode dielectric resona- 
tors 16a. 16b and the electromagnetic coupling 
therewith can be regulated by appropriately setting the 
dimensions and the arrangement position of the non- 
conductive portions 4a. 4b. Thus, the pass band width, 
the center frequency, etc.. of the TEM mode band pass 
filter can be changed. 

[0041] On the other hand, the electromagnetic cou- 
pling between the TE mode dielectric resonators 15a. 
15b can be regulated by appropriately setting the 
number, dimensions or arrangement position of the 
grooves 37a, 37b tor coupling which are respectively 
provided on the open end surfaces 32a. 32b of the die- 
lectric block 32. and the through hole 38 tor coupling 
provided in the center pat of the dielectric block 32. 
Thus, the pass band width and the center frequency of 
the TE mode band pass filter can be changed. 
[0042] Because the dielectric filter 31 is provided with 
the non-conductive portions 4a, 4b to regulate the 
respective resonance frequencies of the TEM mode 
dielectric resonators 16a, 16b and the electromagnetic 
coupling therewith in the through holes 3, an electro- 
magnetic affection by the open end surfaces 32a.32b. 
the grooves 37a,37b for coupling and the through hole 
38 for coupling which are provided in the center part of 
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the dielectric block 32 is suppressed. As a result the 
dielectric filter 31 capable of independently designing 
the TEM mode band pass fitter and the TE mode band 
pass filter can be obtained. 

[Fourth Preferred Embodiment. FIG. 8 and FIG. 9] 

[0043] A fourth preferred embodiment describes a die- 
lectric duplexer for use in a mobile communication 
equipment such as a mobile phone and a portable 
phone. As illustrated in FK3L 8. the dielectric filter 51 is 
provided with a rectangular parallelepiped dielectric 
block 52 made of the c§ electric material. Four through 
holes 53a, 53b, 53c, 53d extending between an open 
end surface 52a and an open end surface 52b are pro- 
vided in a row in the dielectric block 52. Inner conduc- 
tors 54 are formed respectively on the inner wall surface 
of the through holes 53a-53d, and the inner conductors 

54 are provided with non-conductive portions 54a on 
the open end surface 52a side. In addition, an outer 
coupling hole 63 extending between a center part of the 
open end surface 52a of the dielectric block 52 and a 
center part of the open end surface 52b is provided 
between the through holes 53b, 53c. Inner conductors 
are provided on the inner wall surface of the outer cou- 
pling hole 63. 

[0044] An outer conductor 55 are provided on an outer 
wan surface of the dielectric block 52 except for the 
open end surface 52a. That is, in the outer conductor 
55. outer conductor portions 55a, 55c are provided on 
the right half and the left half securing a gap on the 
upper surface of the dielectric block 52. while outer con- 
ductor parts 55b, 55d are provided on the right haff and 
the left half securing the prescribed gap on the lower 
surface of the dielectric block 52. The outer conductor. 

55 is electrically opened (disconnected) from the inner 
conductors 4 of the through holes 53a-53d on the open 
end surface 52a of the dielectric block 52, and electri- 
cally srx)rt^rcutted(conducted) with the inner conduc- 
tors 4 on the short-circuit side end surface 52b. 
[0045] A line conductor 57 leading from an upper sur- 
face of the dielectric block 52 to the lower surface 
thereof is provided on the open end surface 52a 
between through holes 53a, 53b, and line conductors 
58. 59 leading from the upper surface to the lower sur- 
face of the dielectric block 52 are provided on the open 
end surface 52a and overlap through holes 53c, 53d. 
The line conductor 57 electrically connects the outer 
conductor portion 55a provided on the upper surface of 
the dielectric block 52 to the outer conductor 55b pro- 
vided on the lower surface on the open end surface 52a. 
The line conductors 58, 59 respectively and electrically 
connect an outer conductor part 56a provided on the 
upper surface of the dielectric block 52 to an outer con- 
ductor part 56b provided on the lower surface thereof on 
the open end surface 52a 

[0046] A receiving electrode Rx and a transmission 
electrode Tx which are input electrodes common to the 
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TE mode and the TEM mode are provided on right and 
left sklepartsoffiiedielectjfcb4c<^52wrthagaptothe 
outer conductor 55. An antenna electrode ANT which is 
an input electrode common to the TE mode and the 
TEM mode is provided in the center portion of the open 
end surface 52a of the dielectric block 52 in a conducted 
manner to the inner conductor in an outer coupling hole 
63. That is. the inner conductor in the outer coupling 
hole 63 is electrically disconnected to the outer conduc- 
tor 55 on the open end surface 52a. and electrically con- 
ducted with the outer conductor 55 on the short- 
circuited end surface 52b. 

[0047] Two through holes 53a. 53b and their inner 
conductors 54 constitute two TEM mode dielectric reso- 
nators 16a.16b of 1/4 wavelength with the open end sur- 
face 52a and the short-circuit side end surface 52b of 
the dielectric block 52 being the open surface and the 
short-circuit surface together with the respective left 
halves of the outer conductor 55 and the dielectric block 
52. The TEM mode cfielectric resonators 16a, 16b are 
electromagnet cally coupled wrth each other to form the 
two-stage band pass filer of TEM mode. 
[0048] The line conductor 57 provided on the open 
end surface 52a of the dielectric block 52 functions as 
the coupling susceptance. Thus, the respective left 
halves of the outer conductor 55 and the dielectric block 
52 constitute two TE mode dielectric resonators 15a, 
15b divided by the line conductor 57. The TE mode die- 
lectric resonators 15a, 15b are electromagneticalfy cou- 
pled with each other through the line conductor 57 to 
form the two-stage band pass filter of the TE mode. 
That is. the line conductor 57 not only eiectrornagneti- 
cally couples the TE mode dielectric resonators 15a, 
15b, but also functions as an electromagnetic boundary 
part of large reflection coefficient of the resonators 
15a, 15b. 

[0049] Two through holes 53c 53d and their inner 
conductors 54 constitute two TEM mode dielectric reso- 
nators 16c I6d of 1/4 wavelength with the open end 
surface 52a and the short-circuit side end surface 52b 
of the dielectric block 52 being the open surface and the 
short-circuit surface together with the respective right 
halves of the outer conductor 55 and the dielectric block 
52. The TEM mode dielectric resonators 16c 16d are 
electromagnet cal fy coupled with each other to form the 
two-stage band pass fitter of the TEM mode. 
[0050] The line conductors 58, 59 provided on the 
open end surface 52a of the dielectric block 52 function 
as the coupling susceptance. Thus, the respective right 
halves of the outer conductor 55 and the dielectric block 
52 constitute three TE mode dielectric resonators 15c, 
15d. 15e divided by the line conductors 58. 59. The TE 
mode dielectric resonators 1 5c-1 5e are electromagnet- 
ically coupled with each other through the line conduc- 
tors 58.59 to form a three-stage band pass fitter of the 
TEmoda 

[0051 ] In the dielectric duplexer 51 of the above-men- 
tioned construction, the resonators 15c-15e,16c16d 
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arranged on the right half of the dielectric block 52 form 
a transmission fflter 60 A. The resonators 15a. 15b, 16a, 
16b arranged on the left half of the dielectric block 52 
form a transmission filter 60B. The dielectric duplexer 
51 outputs the transmission signal received by the 
transmission electrode Tx from the transmission circuit 
system not shown in the figure from the antenna elec- 
trode ANT through the transmission fitter 60 A, and out- 
puts the reception signal received by the antenna 
electrode ANT from the receiving electrode Rx to the 
reception circuit system not shown in the figure through 
the reception filter 60B. FIG. 9 is an electric equivalent 
circuit of the dielectric duplexer 51 . 
[0052] hi the dielectric duplexer 51, the inner conduc- 
tors 54 provided in the through holes 53a-53d are pro- 
vided with the non-conductive portion 54a, and the 
respective resonance frequencies of the TEM mode 
dielectric resonators 16a-16d and the electromagnetic 
coupling therewith can be regulated by appropriately 
setting the dimension and the arrangement position of 
the non-conductive portion 54a. Thus, the pass band 
width and the center frequency of the TEM mode band 
pass filter can be changed. On the other hand, the elec- 
tromagnetic coupling of the TE mode dielectric resona- 
tors 15a-15e therewith can be regulated by 
appropriately setting the number and dimensions of the 
line conductors 57-59 provided on the open end surface 
52a of the dielectric block 52 and the arrangement posi- 
tion on the open end surface 52a. Thus, the pass band 
width and the center frequency of the TE mode band 
pass filter can be changed. 

[0053] The dielectric duplexer 51 is provided with the 
non-conductive portion 54a to regulate the respective 
resonance frequencies of the TEM mode dielectric res- 
onators 16a-16d and the electromagnetic coupling 
therewith in the through holes 53a-53d. and electro- 
magnetically affected with difficulty by the line conduc- 
tors 57-59 to regulate the electromagnetic coupling 
between the TE mode dielectric resonators formed on 
the open end surface 52a. Further, on the open end sur- 
face 52a of the dielectric block 52. the limit of the form- 
ing position of the line (inductors 57-59 is not strict 
and the degree of freedom in setting the resonance fre- 
quencies of the TE mode dielectric resonators 15a-15e 
is high. As a result, a compact dielectric duplexer 51 
capable of independently designing the TEM mode 
band pass filter and the TE mode band pass filter can 
be obtained. 

[Other Preferred Embodiments] 

[0054] The dielectric fitter and the dielectric duplexer 
of the present invention are not limited to the above- 
mentioned embodiments, but can be variously changed 
in the scope of the subject matter of the present inven- 
tion. 

[0055] In the above-described embodiments, the die- 
lectric filter and the dielectric duplexer in which the TEM 



mode band pass filter and the TE mode band pass filter 
are built, are described. However, because the structure 
of the TE mode band pass filter is same as the structure 
of the TM mode band pass filter, the dielectric filter and 

5 the dielectric duplexer in each embodiment can be han- 
dled as the dielectric filter and the dielectric duplexer in 
which the TM mode band pass filter and the TE mode 
band pass filter are built by inputting the TM mode sig- 
nal in place of the TE mode. 

10 [0056] Further, in the dielectric duplexer 51 in the 
fourth preferred embodiment, a through hole for cou- 
pling or a groove for coupling may be provided in place 
of the line conductors 57-59, and the inner conductors 
54 in the through holes 53a-53d may have an norvoon- 

is ductive portion also in the vicinity of the short-circuit 
side end surface 52b. 

[0057] While the invention has been particularly 
shown and described with reference to preferred 
embodiments thereof, it will be understood by those 
20 skilled in the art that the forgoing and other changes in 
form and details may be made therein without departing 
from the spirit of the invention. 

Claims 

25 

1. A dielectric filter (1; 21). comprising: 

a dielectric block (2) having substantially rec- 
tangular shape, said dielectric block (2) includ- 
30 ing a first and a second surfaces (2a, 2b) 

opposed to each other and a third and a fourth 
surfaces opposed to each other and extending 
between said first and second surfaces (2a. 
2b); 

35 a plurality of through holes (3) extending 

between said first (2a) and second (2b) sur- 
faces; 

an inner conductor (4) provided on an inner 
surface of said through holes (3) except for a 
40 non-conductive portion (4a), said non-conduc- 

tive portion (4a) being disposed on said inner 
surface of said through holes (3) in the vicinity 
of said first surface (2a) of said dielectric block 
(2); 

45 an outer conductor (5; 25) provided on said 

third and fourth surfaces of said dielectric block 
(2); and 

a line conductor (7) provided on said first sur- 
face (2a) of said dielectric block (2), a part (5a: 

so 25a) of said outer conductor (5; 25) provided 

on said third surface of said dielectric block (2) 
and a part (5b; 25b) of said outer conductor (5; 
25) provided on said fourth surface of said die- 
lectric block (2) being connected to each other 

55 via said fine conductor (7); 

thereby a plurality of resonators comprising a 
combination of a TEM mode resonator (16a. 
16b; 16a. 16b, 16c) and a TE mode resonator 
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(15a, 15b). or a combination of a TEM mode 
resonator or a TM mode resonator being pro- 
vided. 

2. A dielectric filter (31), comprising: 5 

a dielectric block (32) having substantially rec- 
tangular shape, said dielectric block (32) 
including a first and a second surfaces (32a. 
32b) opposed to each other and a third and a 
fourth surfaces opposed to each other and dis- 
posed between said first and second surfaces 
(32a. 32b); 

a plurality of through holes (3) extending 
between said first and second surfaces; 
an inner conductor (4) provided on an inner 
surface of said through holes (3) except for a 
non-conductive portion (4a, 4b). said non-con- 
ductive portion (4a, 4b) being disposed on said 
inner surface of said through holes (3) in the 
vicinity of said first surface (32a) of said dielec- 
tric block (32); 

an outer conductor (35) provided on said third 
and fourth surfaces of said dielectric block (32); 
and 

at least one of a coupling means (38) and a 
coupling groove (37a. 37b); 
said coupling means (38) extending between 
said third and fourth surfaces of said dielectric 
block (32). a part of said outer conductor (35) 
provided on said third surface of said dielectric 
block (32) and a part of said outer conductor 
(35) provided on said fourth surface of said die- 
lectric block (32) being connected to each other 
via said coupling means (38); 
said coupling groove (37a, 37b) being disposed 
on said first and second surfaces (32a, 32b) of 
said dielectric block (32) and extending 
between said third and fourth surfaces of said 
dielectric block (32); 

thereby a plurality of resonators comprising a 
combination of a TEM mode resonator (16a, 
16b) and a TE mode resonator (15a, 15b), or a 
combination of a TEM mode resonator (16a. 
1 6b) or a TM mode resonator being provided. 

3. The dielectric fitter (31) according to Claim 2, 
wherein 



4. The dielectric filter (31) according to one of Claims ss 
1 to 3, wherein: 

said dielectric filter (31) further includes a fifth 



and a sixth surfaces opposed to each other and 
extending between said first and second sur- 
faces (32a, 32b); and 

input/output external electrodes (39, 40, 41) 
are provided on said fifth and sixth surfaces of 
said dielectric block (32). 

5. A dielectric duplexer, comprising: 



a dielectric block (52) having substantially rec- 
tangular shape, said dielectric block (52) 
including a first and a second surfaces (52a, 
52b) opposed to each other and a third and a 
fourth surfaces opposed to each other and Dis- 
posed between said first and second surfaces 
(52a, 52b); 

a plurality of through holes (53a. 53b, 53c, 53d) 
extending between said first and second sur- 
faces (52a, 52b); 

an inner conductor (54) provided on an inner 
surface of said through holes (53a-d) except for 



to a dielectric block (2) having substantially rec- 

tangular shape, said dielectric block (2) includ- 
ing a first and a second surfaces (2a, 2b) 
opposed to each other and a third and a fourth 
surfaces opposed to each other and extending 
15 between said first and second surfaces (2a. 

2b); 

a plurality of through holes (3) extending 
between said first (2a) and second (2b) sur- 
faces; 

20 an inner conductor (4) provided on an inner 

surface of said through holes (3) except for a 
non-conductive portion (4a), said non-conduc- 
tive portion (4a) being disposed on said inner 
surface of said through holes (3) in the vicinity 
25 of said first surface (2a) of said dielectric block 

(2): 

an outer conductor (5; 25) provided on said 
third and fourth surfaces of said dielectric block 
(2); and 

30 a line conductor (7) provided on said first sur- 

face (2a) of said dielectric block (2). a part (5a; 
25a) of said outer conductor (5; 25) provided 
on said third surface of said dielectric block (2) 
and a part (5b; 25b) of said outer conductor (5; 
35 25) provided on said fourth surface of said die- 

lectric block (2) being connected to each other 
via said line conductor (7); 
thereby a plurality of resonators comprising a 
combination of a TEM mode resonator (16a. 
40 16b; 16a, 16b, 16c) and a TE mode resonator 

(15a, 15b). or a combination of a TEM mode 
resonator or a TM mode resonator being pro- 
vided. 

45 6. A dielectric duplexer (51 ). comprising: 



said non-conductive portion (4a, 4b) is also dis- so 
posed on said inner surface of said through 
holes (3) in the vicinity of said second surface 
(32b) of said dielectric block (32). 
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a non-conductive portion (54a), said non-con- 
ductive portion (54a) being disposed on said 
inner surface of said through holes (53a-d) in 
the vicinity of said first surface (52a) of said die- 
lectric block (52); s 
an outer conductor (55) provided on said third 
and fourth surfaces of said dielectric block (52); 
and 

at least one of a coupling means (57, 58, 59) 
and a coupling groove; « 
said coupling means (57, 58, 59) extending 
between said third and fourth surfaces of said 
dielectric block (52). a part of said outer con- 
ductor (55) provided on said third surface of 
said dielectric block (52) and a part of said is 
outer conductor (55) provided on said fourth 
surface of said c5 electric block (52) being con- 
nected to each other via said coupling means 
(57, 58. 59); 

said coupling groove being disposed on said 20 
first and second surfaces (52a. 52b) of said 
dielectric block (52) and extending between 
said third and fourth surfaces of said dielectric 
block (52); 

thereby a plurality of resonators (15a, 15b. 15c. zs 
15d. 15e, 16a. 16b, 16c, 16d) comprising a 
combination of a TEM mode resonator and a 
TE mode resonator, or a combination of a TEM 
mode resonator oraTM mode resonator being 
provided. 30 

7. The dielectric duplexer (51 ) according to Claim 6, 
wherein 

said rnxvconductive portion is ateo disposed 35 
on said inner surface of said through holes 
(53a-d) in the vicinity of said second surface 
(52b) of said dielectric block (52). 

8. The dielectric duplexer (51) according to one of 40 
Claims 5 to 7, wherein: 

said dielectric fitter further includes a fifth and a 
sixth surfaces opposed to each other and 
extending between said first and second sur- 45 
faces (52a. 52b); and 

input/output external electrodes (Rx, Tx, ANT) 
are provided on said fifth and sixth surfaces of 
said dielectric block (52). 
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